Measurement of the Time Between Synthesis and Surface Excretion of Sebaceous Lipids in Sheep and Man  by Downing, Donald T et al.
THE JOURNAL OF !NVES'11GATIVE DERMATOLOGY, 64:215-219, 1975 
Copyright@ 1975 by The William• & Wilkins Co. 
Vol 64, No.4 
Printed in U.S .A. 
REPORTS 
MEASUREMENT OF THE TIME BETWEEN SYNTHESIS AND SURF ACE 
EXCRETION OF SEBACEOUS LIPIDS IN SHEEP AND MAN 
DONALD T. DoWNING, PH.D., JoHNS. STRAUSS, M.D., PETRA RAMASASTRY, PH.D., MARK ABEL, M.D., CHARLES W. 
LEES, M.D., AND PETER E. PocHr, M.D. 
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The delay between synthesis and excretion of sebum in sheep and in man was determined 
by measurement of the time between intradermal injection of (1- "C ]acetate and the appear-
ance of a peak of radioactivity in the skin surface lipids at the injection site. In two sheep, a 
peak of radioactivity in the total surface lipid occurred 6 days after injection, and this is in-
terpreted as the time required for the excretion of sebum after it was synthesized. In three 
human males, the delay between synthesis and excretion averaged 8.0 ± 0.5 days. Fractiona-
tion of the surface lipids from both sheep and man showed that each of the major constituents 
had a similar excretion time. 
to measure sebum excretion time in man, with the 
method modified primarily in respect to the tech-
nique for collecting surface lipid at the site of 
injection. 
ANIMAL STl.'DIES 
Many attempts have been made to manipulate 
the rate of synthesis of sebum in man, especially in 
attempts to alleviate acne vulgaris. In such ex peri-
ments, observations of the rate of delivery of 
sebum to the surface, or of the surface lipid 
composition, have usually extended over several 
weeks since it is recognized that considerable delay 
might occur between imposition of a regimen and 
manifestation of its effect. For example, in a study 
of the effects of starvation on the composition of 
human sebum, in which surface lipid composition 
was measured daily, we observed a delay of 5 days 
between commencement of fasting and initial 
change in surface lipid composition (1,2]. The 
maximum rate of change in composition occurred 8 
days after fasting commenced. Part of this delay 
presumably resulted from the time required for the 
changed general metabolic status to influence 
sebum synthesis, and part represented the time 
taken for the altered sebum to reach the skin 
surface. However, the time required for either of 
these events was unknown. The present studies 
were undertaken in order to determine how much 
time elapses between the synthesis of sebaceous 
lipid and its appearance on the skin surface. 
Methods 
Initially, sheep were employed as convenient 
experimental animals for development of a tech-
nique involving a radioactive lipid precursor be-
cause the composition of their skin surface lipid is 
known in detail [3,4]. The procedure was then used 
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Intradermal injections. A !-foot-square area on the 
mid back region of one male and one female sheep was 
clipped, then shaved and cleansed by washing with 0.1% 
sodium Iaury! sulfate solution. Injection sites were deline-
ated with India ink. Intradermal injections of 1 !'Ci of 
[1-"C]acetate solution (New England Nuclear Corpora-
tion) in sterile normal saline (100 I'll were made approxi-
mately 3 inches apart in the delineated areas of the back, 
using a tuberculin syringe and a 26-gauge needle. 
Surface lipid collections. Daily collections of skin 
surtace lipid were made at the injection sites by use of a 
glass cylinder pressed onto the skin. to which 5 ml of 
hexane was added and then removed by pipette. Collec-
tions were also made from adjacent, uninjected sites for 
comparison. On alternate days during the collection 
period it was necessary to shave the new growth of wool 
after the daily collections of lipid had been completed, in 
order to minimize leaks between the collection cup and 
the skin. 
The lipid extracts were evaporated to dryness under 
nitrogen in tared tubes which were then reweighed to 
obtain total lipid weight. The samples were redissolved in 
1 ml of hexane, and 1/10 of each sample was removed and 
assayed in a scintillation spectrometer. Atomic decompo-
sitions per minute ( dpm) per milligram were calculated 
for each lipid sample, using a factor for counting effi-
ciency determined with an internal standard. 
Quantitative analy,,is. From the remaining hexane 
solutions of the daily samples from one of the injection 
sites on the male sheep, 5 1'1 was spotted for quantitative 
thin-layer chromatography on 0.25·mm silica gel G 
plates. The plates were developed successively [5] with 
hexane, benzene, and hexane:ether:acetic acid (70:30: 1). 
The chromatograms were visualized by sulfuric acid 
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charring and scanned by photodensitometry to allow 
calculation of the percentage composition of the lipid 
samples and the total weights of the various lipid 
components [51. 
Specific rodioactivity of individual lipid classes. The 
remainder of each daily sample from the male sheep was 
subjected to preparative thin-layer chromatography in 
order to separate the sterol esters, wax esters, sterol 
diesters, wax diesters, free fatty alcohols, and free sterols 
[2]. The lipid solution was applied as a streak 2 em above 
the bottom of a 20 x 20 em glass plate coated with a 250-11 
layer of silica gel G, and the chromatogram was devel-
oped with the same succession of solvents as med for the 
quantitative analysis. The plates were sprayed with 
2',7'-dichlorofluorescein and the lipid bands delineated 
under ultraviolet light were scraped off into plugged 
Pasteur pipettes. The lipid in each fraction was eluted 
from the adsorbent with diethyl ether. The radioactivity 
in each fraction was quantitated in the scintillation 
counter and the total dpm per milligram of each class of 
lipid was calculated from the original weight and compo-
sition of each surface lipid sample. 
Identification af lipid classes. Identities of the several 
lipid classes were assigned initially on the basis of 
thin-layer chromatographic mobilities compared with 
authentic reference lipids. In addition, the fractions 
containing sterols produced a characteristic transient 
purple color during charring of the quantitative thin-
layer chromatograms. More positive characterization was 
obtained for the lipid fractions from the female sheep by 
transesterification of the fractions from preparative thin-
layer chromatograms by heating with BF Jmethanol at 
50°C overnight followed by thin-layer chromatographic 
separation of the products. Under these conditions, the 
products from the sterol esters produced two chromato-
graphic spots: fatty acid methyl esters and a mixture of 
sterols. The sterol diesters produced three groups of 
compounds: methyl esters, sterols, and hydroxyacid 
methyl esters. in approximately equimolar amounts. The 
sterols from each of these fractions, and the free sterols, 
were analyzed by gas chromatography on three different 
stationary phases (SE-30, QF-1. and OV-17), where their 
retention times were compared with authentic standards. 
The fatty acid methyl esters from each of the fractions 
were also analyzed [41 using temperature-programmed 
gas chromatography on a silicone stationary phase. The 
monohydric and dihydric alcohols and the a-hydroxy-
acids, the compositions of which have been reported 
previously [31, were not examined in detail. 
Results 
Figure 1 shows the average specific radioactivity 
of the surface lipid collected on successive days 
from two separate sites of intradermal injection of 
(1- uc ]acetate in each of the two sheep. Virtually 
identical labeling, in terms of both the degree and 
the time of maximum labeling, were obtained for 
the two sheep. No detectable radioactivity was 
measured in the lipid samples collected from 
adjacent, uninjected sites. 
Figure 2 shows the radioactivity of each of the 
classes of lipid obtained by preparative thin-layer 
chromatography from the series of daily collections 
of lipid from one of the injected sites on the male 
sheep. The occasionally low results presumably 
resulted from incomplete recoveries of material 
from the chromatograms. 
The average proportions of the various lipid 
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classes in the surface lipids from the two sheep are 
shown in Table I. In other sheep which have been 
examined, large differences in the relative propor-
tions of these lipid classes have been observed, 
apparently dependent upon the breed of the sheep 
[4). The two sheep used in the present study 
appeared to be similar cross-breed animals. The 
composition of the free sterols and those from the 
sterol esters and sterol diesters are shown in Table 
n. 
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FIG. 1. Average intensity of isotopic labeling of surface 
lipid collected from two sites each on the backs of a male 
sheep and a female sheep, on successive days after 
intradermal injection of [1- "C I acetate at those sites. 
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FIG. 2. Intensity of isotopic labeling of the constituents 
of a series of surface lipid samples collected on successive 
days from a site of intradermal injection of [1- "C J 
acetate on the back of a male sheep. 
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TABLE I. Average compositions of the surface lipids of 
sheep (wt %) 
Male Female 
Sterol esters 45.8 42.2 
Wax esters 9.8 } 24.5 Wax diesters 9.3 
Sterol diesters 11.7 9.6 
Free fatty alcohols 11.4 17.0 
Free sterols 12.0 6.7 
TABLE II. Compositions of the sterol mixtures from lipid 
fractions of the female sheep (wt %) 
Free Sterol Sterol 
sterols esters diesters 
Cholesterol 97 50 91 
Desmosterol 1 5 5 
Lanosterol 2 34 3 
Dihydrolanosterol 
- 11 1 
HUMAN STUDIES 
Methods 
Injections of labeled precursor. Four of the authors 
served as the subjects for these experiments. A site on 
each forehead was selected which could easily be located 
by reference to topologic features. At such sites, 0.1 ml of 
normal saline containing 1 ,uCi of [1-'<C )acetate (New 
England Nuclear) was injected intradermally at midday. 
Lipid collections. Each night for up to 21 days follow-
ing the injection, collections were made by covering the 
injection site with a stack of 6 cigarette papers. This pack 
was overlaid with a thick gauze pad and held in place 
with an elastic bandage. The following morning the 
papers were removed and placed in a culture tube having 
a Teflon-lined screw cap. The lipids were subsequently 
recovered by extraction into 5 ml of hexane, which was 
transferred to a weighed tube and the solvent evaporated 
with a stream of nitrogen. 
Lipid analyses. After weighing, the lipid from each 
collection was redissolved in LO ml of hexane, and 0.1 ml 
of the solution was used for measurement of radioactivity 
by scintillation spectrometry. 
For two of the subjects, 10 l'g of each daily collection of 
lipid was analyzed by quantitative thin-layer chromatog-
raphy to determine the relative amounts of each of the 
major lipid constituents [5]. The remainder of each daily 
collection from these two subjects was then separated 
into the major lipid fractions hy preparative thin-layer 
chromatography as described above. Lipids were re-
covered from the adsorbant by extraction with ether: 
acetic acid (100: 1) and the solvent evaporated in vials for 
estimation of radioactivity. Specific activities were calcu-
lated as described above. 
Results 
In all four subjects, a sharp rise in radioactivity 
of the surface lipid occurred several days after 
injection of the labeled precursor. In three subjects 
this consisted of a symmetrical peak of radioactiv-
ity centered at 8 days post injection, the average 
values for which are shown in Figure 3. In the 
fourth subject the lipid radioactivity showed a 
sudden decline to baseline values after 6 days, and 
no further radioactivity was detected during the 20 
days of the experiment. 
Figure 4 shows the daily radioactivity levels of 
the four major components of surface lipid from 
the injection site on one subject. 
The daily lipid weights and quantitative analy-
ses for this subject are shown in Table lll. The 
second subject examined in this way produced 
virtually identical results for the distribution of 
radioactivity in the lipid fractions during the 
period following injection of the labeled substrate. 
DISCUSSION 
In the two sheep studied, the fact that unin-
jected sites produced no detectable labeled lipid 
indicates that incorporation of the isotopic acetate 
into sebaceous lipid occurred near the site of 
injection rather than as the result of labeling of the 
general circulation. This incorporation presumably 
occurred within a short time after injection, before 
the substrate could be dissipated via the dermal 
vascular system. The possibility that labeled sub-
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FIG. 3. Variation in the specific radioactivity of human 
skin surface lipids with time after intradermal injection 
of l I'Ci of (1-'<C] acetate. The data points are average 
values for three subjects. 
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FIG. 4. Variation in the specific radioactivity of the 
major constituents of human skin surface lipid with time 
after injection of [1-"C] acetate (Subject #1). The 
percentage values shown are the average proportions of 
the constituents in the surface lipid during the period of 
the experiment. 
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TABLE III. Composition of daily surface lipid samples 
in one subject 
Total Weight %• 
Day lipid 
img) DG CH FA TG WE CE SQ 
1 25.7 1.2 1.6 16.0 35.0 31.5 3.1 11.7 
2 22.0 (1.9 0.9 15.5 30.9 33.2 2.7 15.5 
3 15.2 1.3 1.3 10.5 36.8 32.2 2.6 15.1 
4 19.5 1.5 1.0 14.4 28.2 35.9 3.6 15.4 
5 19.4 1.5 1.0 14.4 37.1 31.4 2.6 12.4 
6 21.0 1.0. 1.0 14.3 35.8 29.0 3.8 15.7 
7 23.6 0.8 0.8 12.7 39.4 32.2 3.0 11.0 
8 23.2 0.9 0.9 15.1 37.1 31.0 2.6 12.1 
9 26.1 1.1 1.1 12.6 37.2 31.4 2.3 14.1 
10 26.3 0.8 0.8 12.2 36.5 32.3 2.7 14.8 
11 30.0 1.0 1.0 13.3 31.0 35.7 3.3 14.7 
12 22.1 1.4 0.9 12.7 34.8 31.7 2.7 15.8 
13 22.2 1.4 0.9 10.8 37.8 30.2 2.7 16.2 
14 22.4 0.9 0.9 12.5 36.6 31.7 3.1 14.3 
15 24.4 1.2 0.8 12.7 36.1 30.3 3.3 16.0 
16 22.2 0.9 0.9 17.6 33.8 29.7 1.8 15.3 
17 13.0 0.8 0.8 11.5 38.5 30.0 3.1 15.4 
18 12.7 1.6 0.8 13.4 33.9 31.5 2.4 16.5 
19 17.2 1.2 1.2 14.5 36.0 30.8 2.9 13.4 
20 17.2 1.2 1.2 9.3 36.6 32.6 4.1 15.1 
•DG ~ diglycerides; CH ~ cholesterol; FA ~ free 
fatty acids; TG ~ triglycerides; WE ~ wax esters; CE ~ 
cholesterol esters; SQ ~ squalene. 
strate was incorporated first into some nonlipid 
material, and then slowly metabolized to lipid, 
seems unlikely to account for the sharp peak of 
radioactivity in the surface lipid. However. an 
indirect pathway might account for part of the slow 
decline in surface lipid radioactivity following the 
emergence of the major peak. 
We therefore presume that most of the 6-day 
delay in appearance of the peak of radioactivity in 
lipid recovered from the skin surface of the sheep 
and the 8-day delay in humans result from the 
time taken for sebum to reach the surface after it is 
synthesized. The fact that significant levels of 
radioactivity emerge over a period of several days 
could result both from incorporation into seba-
ceous cells of varying degrees of maturation and 
also from mixing of labeled and unlabeled lipid in 
the pilosebaceous follicle. However, in spite of the 
probable operation of both of these effects, emerg-
ence of the major peak of labeled lipid spanned a 
period of only 4 days. 
Acceptance of the delay as representative of the 
time between synthesis and release of sebum onto 
the skin surface is dependent upon several assump-
tions. The first assumption is that little delay 
occurs between the injection of substrate and its 
diffusion into the sebaceous glands. This seems 
justified, because any solute not rapidly captured 
from the dermis probably is quickly carried away 
into the general circulation, as are substances 
which enter the dermis by percutaneous absorp· 
tion. Dilution of the labeled substrate in the 
general circulation is apparently sufficient to pre· 
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elude detectable labeling of sebum at uninjected 
sites in sheep, as indicated above. Furthermore, in 
unreported experiments, we have found that sub· 
cutaneous injection of labeled acetate. even in 
small laboratory animals (gerbil and hamster), 
results in very low levels of labeling of sebum. 
The second assumption is that the substrate 
entering the sebaceous glands is directly incorpo-
rated into lipid, rather than into an intermediate 
material which is only slowly metabolized to form 
lipid. While an indirect pathway cannot be refuted 
at this time, the observed sharp peak in surface 
lipid radioactivity would be unlikely under these 
circumstances. It might seem that this uncertainty 
could be reduced by the use of a labeled, pre· 
formed lipid as a sebum precursor, which might be 
less likely to be incorporated into nonlipid mate-
rials. However, there is reason to believe that 
preformed lipids are only very inefficiently incor· 
porated into sebum. Thus. the major lipids present 
in blood, with which the dermis is perfused, are 
very minor constituents of sebum. which is pre-
dominantly composed of compounds not found in 
other tissues. Sebum triglycerides, for instance, 
contain principally Li6- and LiS-unsaturated fatty 
acids. which are not found in blood. 
We make no assumption about what proportion 
of the excretion time of sebum is spent in intact 
sebaceous cells and what is spent as free lipid in 
the sebaceous and follicular ducts. The relative 
contributions of these two time intervals to the 
excretion time. which is the sum of the two, cannot 
be determined from the present experiments. 
The fact that each of the major surface lipid 
constituents showed a similar excretion time (Figs. 
2, 4) in their respective species indicates that each 
constituent is synthesized at about the same time 
during the development of the sebaceous cells. 
However, in sheep, the possibility that one or more 
of the surface lipid classes originates in the epider-
mal cells cannot be excluded without knowledge of 
epidermal cell turnover time in the sheep. 
The excretion time of 8 days for human seba-
ceous lipid corresponds to the delay between com-
mencement of fasting and the occurrence of max-
imum rate of change of surface lipid composition 
seen in previous studies [1,2). We can therefore 
conclude that most of that delay resulted from the 
time taken for the changed lipid to reach the skin 
surface. Thus, the time required for fasting to 
influence sebum synthesis may be quite short, 
possibly less than 12 hr. It has been shown, for 
instance, that 18 hr of fasting is sufficient to impair 
incorporation of [1- '"C ]acetate into lipids of ex-
cised human skin [6). 
The long delay between synthesis of sebaceous 
lipid and its excretion onto the skin surface, 
demonstrated by the present data, certainly means 
that in any experiments designed to modify sebum 
composition, at least 10 days should be allowed for 
altered sebum to reach the skin surface. In addi· 
tion, the time required for an agent to initiate an 
effect on the glands must be considered, so that 
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observation periods of more tban 2 weeks should 
always be employed. For the detection of changes 
in the rates of sebum excretion, even longer periods 
are indicated [2). 
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